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(54) Cardiac rate measuring apparatus 

(57) . A cardiac rate measuring apparatus (9) which 
is intended to measure the cardiac rate of a driver with- 
out restraining motions of the driver Skin tremors oc- 
curring on the surface of skin of the body are detected, 
and level peak values of the skin tremors are held (93) 
to generate an envelope waveform signal as a cardiac 
rate signal corresponding to the cardiac rate of the driv- 
er. A skin tremor detecting means (8) may be mounted 
on a driver's seat belt (62) to detect skin tremors on the 
driver's skin without restraining his motion. 
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Description 

The present invention relates to a cardiac rate measuring apparatus, and more particularly to a cardiac rate meas- 
uring apparatus for measuring driver's cardiac rate during the drive of a vehicle. 
5 In recent years, developments have been in progress for a driving condition detecting apparatus which detects 

sleepiness, tiredness, impatience and so on of a driver of a vehicle during the drive, and informs the driver of such 
conditions to promote safety driving. 

In this event, the driving condition detecting apparatus measures the cardiac rate of a driver during the drive of a 
vehicle and determines his mental conditions such as sleepiness, tiredness, impatience, and so on based on the cardiac 
io rate. 

However, in order to measure the driver's cardiac rate, electrodes for detecting the cardiac rate must be directly 
attached on the breast or on the tips of fingers of the driver. Such electrodes cause a problem that motions of the driver 
are prevented by the electrodes under the car driving situation. 

The present invention has been made to solve the problem mentioned above, and its object is to provide a cardiac 
rate measuring apparatus which is capable of measuring a cardiac rate of a driver during the drive of a vehicle without 
restricting motions of the driver. 

The cardiac rate measuring apparatus according to the present invention comprises skin tremor detecting means 
for detecting tremors of the skin of a body to generate a skin tremor signal, and a cardiac rate detecting means for 
holding level peak values of the skin tremor signal to generate an envelope waveform signal as a cardiac rate signal. 

Skin tremors occurring on the surface of the skin of a body are detected, and peak level values of the skin tremor 
signal are held to generate an envelope waveform signal as a cardiac rate signal. 
In the accompanying drawings: 

Fig. 1 is a diagram showing the configuration of a car accessory system in which a cardiac rate measuring apparatus 
2 5 of the present invention is implemented; 

Fig. 2 is a diagram showing an exemplary configuration of a navigation system 3; 

Fig. 3 shows an example depicting how an MT pickup 8 of the cardiac rate measuring apparatus according to the 
present invention is attached; 

Fig. 4 is a diagram showing the internal configuration of a cardiac rate detector circuit 9 inthe cardiac rate measuring 
30 apparatus of the present invention; 

Fig. 5 shows waveforms of signals output from respective constituent modules of the cardiac rate detector circuit 9; 
Fig. 6 is a diagram showing an exemplary internal configuration of a band pass filter 92; 
Fig. 7 is a graph showing the cut-off characteristics of a high pass filter 92a and a low pass filter 92b; 
Fig. 8 is a diagram showing an exemplary circuit configuration of the cardiac rate detector circuit 9; Figs. 9 and 10 
35 are flow charts representing a main routine of a driver's mental condition detection; 
Fig. 11 is a diagram showing a memory map for a RAM 1 3; 
Fig. 12 is a flow chart representing a sleepiness determining subroutine; 
Fig. 13 is a flowchart representing a tiredness determining subroutine; 
Fig. 14 is a flowchart showing an impatience determining subroutine; 

Figs. 15 - 17 show other examples depicting how MT pickups of the cardiac rate measuring apparatus according 
to the present invention are attached; and 

Figs. 18-20 are diagrams showing other embodiments of the cardiac rate detector circuit 9 in the cardiac rate 
detecting apparatus of the present invention. 
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Fig. 1 shows the configuration of a car accessory system in which a cardiac rate measuring apparatus according 
to the present invention is implemented. Referring specifically to Fig. 1, an audio system 1 is a so-called car audio 
system which comprises components such as a CD player, a tuner, a cassette deck, an equalizer, an amplifier, speakers, 
and so on. The respective components in the car audio system 1 may be controlled their operations not only by a 
variety of manipulations from an operator but also by a variety of operation command signals supplied thereto through 
a CPU bus 1 00. An air conditioning system 2 is a so-called car air-conditioner for adjusting the temperature and humidity 
within a car. The air-conditioning system 2 has a temperature sensor for detecting the temperature within the car, and 
automatically adjusts the temperature within the car at a predetermined set temperature based on the temperature 
detected by the temperature sensor. More specifically, cooling air or warm air is blown into the car through a blowing 
hole until the detected temperature becomes equal to the predetermined set temperature. In this event, the air-condi- 
tioning system 2 not only performs the automatic temperature adjusting operation as described above but also is 
controlled its operations in response to a variety of operation instructing signals supplied thereto through the CPU bus 
100. The air-conditioning system 2 sends the detected temperature information obtained by the temperature sensor 
-tothe-ePtJ-bus-ieO: — 
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A navigation system 3 is an ordinary car navigation system which detects a current location of a car and links the 
detected current location to map information to display the current location on a display, thereby guiding the car to a 
predetermined destination. 

Fig. 2 is a diagram showing an exemplary configuration of the navigation system 3 as mentioned above. 

5 Referring specifically to Fig. 2, a geomagnetic sensor 31 detects a geomagnetic (earth magnetic field) condition 

at the current location of the car, generates orientation information corresponding to a running direction of the car based 
on the detected geomagnetic condition, and supplies the orientation information to a system controller 32. A Global 
Positioning System (GPS) unit 33 receives current time information supplied from a timer 34 and distance measuring 
signals transmitted from a plurality of GPS satellites, measures the longitude and latitude of the current location of the 

to car, and supplies the system controller 32 with longitude and latitude information. A speed/running distance measuring 
unit 35 measures the running speed of the car and an accumulated running distance from the time the engine of the 
car has been started, and supplies the system controller 32 with running speed information and accumulated running 
distance information. It should be noted that signals transmitted from GPS satellites also include time data in addition 
to a distance measuring signal as positional information, so that the timer 34 is not necessary if the current time is 

is known from this time data. Also, if the accumulated running distance from the start of the car engine is calculated from 
the starting position and the current position of the car, and if the car speed is calculated from the distance of a certain 
interval and an elapsed time as an average speed in the interval, the speed/running distance measuring unit 35 is not 
necessary. 

A CD-ROM player 36 reads information from a recording disc which has a map information and a variety of road 
20 information recorded thereon : and supplies the read information to the system controller 32. 

The system controller 32 counts the number of times the car changes its orientation based on the orientation 
information supplied from the geomagnetic sensor 31 , and stores the counted value into an orientation/speed change 
count memory 37. The system controller 32 also counts the number of times the car is accelerated or decelerated 
based on the running speed information supplied from the speed/running distance measuring unit 35, and stores the 
2$ counted value into the orientation/speed change count memory 37. Further, the system controller 32 calculates the 
coordinates of the current location of the car on the map based on the orientation, latitude and longitude information 
supplied from the geomagnetic sensor 31 and the GPS unit 33, and supplies a display unit 38 with a composite video 
signal including a video signal for displaying a mark indicative of its own location on the current location coordinates 
and a video signal corresponding to the reproduced map information. The system controller 32 further determines a 
30 road on which the car is currently running (hereinafter called "the current running road") based on the current location 
coordinates and reproduced map information. In this event, the system controller 32 retrieves road information corre- 
sponding to the running road determined as described above from the road information supplied from the CD-ROM 
player 36, and sends the retrieved road information to the CPU bus 100 as currently running road information. For 
example, such road information may be identification information for distinguishing superhighways from ordinary roads. 
3S |f the road on which the car is currently running is determined to be a superhighway, the system controller 32 sends 
the currently running road information set to logical "1 " to the CPU bus 1 00. On the other hand, if the currently running 
road is determined to be an ordinary road, the system controller 32 sends the currently running road information set 
to logical fl 0 p to the CPU bus 1 00. 

Further, the system controller 32 reads the orientation change count information and the speed change count 
40 information stored in the orientation/speed change count memory 37 in response to a variety of read command signals 
supplied thereto from the CPU bus 100, and sends the read information to the CPU bus 100. Furthermore, the system 
controller 32 sends the current time information and the accumulated running distance information to the CPU bus 1 00 
in response to a variety of read command signals supplied thereto from the CPU bus 1 00. The display unit 38 displays 
an image based on a video signal supplied thereto. 
45 An alarm sound generator unit 4 in Fig. 1 outputs an audible alarm message in response to an alarm sound 

command signal supplied thereto through the CPU bus 1 00. The display unit 5 displays an alarm message in respons 
to an alarm display command signal supplied thereto through the CPU bus 100. A fragrance generator unit 6 diffuses 
stimulative fragrance into the car in response to a fragrance generation command signal supplied thereto through th 
CPU bus 100. A sleepy time zone setting switch 7 generates a sleepy time zone setting signal in response to th 
driver's manipulation to the switch 7 and sends this signal to the CPU bus 1 00. The driver pushes the sleepy time zone 
setting switch 7 when he himself is conscious of sleepiness. An minor tremor (MT) pickup 8 is mounted on a belt 
attached to a driver's seat for detecting tremors on the driver's skin in the range of 1 to 10 millimeters, which may occur 
on the surface of the skin, and supplies a skin tremor signal corresponding to the detected skin tremors to a cardiac 
rate detector circuit 9. 

55 Fig. 3 shows an example depicting how the MT pickup 8 is mounted on a seat belt. 

Referring specifically to Fig. 3, a pickup fixing ring 82a is movably fit on a seat belt 82 attached to a driver's seat 
81. The MT pickup 8 is mounted on the pickup fixing ring 82a. A transmission cable for transmitting the skin tremor 
- -signaJ^enerated-by^eJvl^ ^copic-bellows-membe*-82b-- 
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wrapped around the seat belt 82. Stated another way, the skin tremor signal output from the MT pickup 8 is supplied 
to the cardiac rate detector circuit 9 through the seat belt buckle 82c. 

The driver, when fastening the seat belt 82, adjusts the position of the pickup fixing ring 82a so as to locate a skin 
tremor detecting surface of the MT pickup 8 in contact with the driver It should be noted that the MT pickup 8 need 
s not be in direct contact with the driver's body. That is, the skin tremor detecting surface of the MT pickup 8 may be 
brought into contact with the driver through his clothes and the seat belt 82. 

The cardiac rate detector circuit 9 generates a cardiac rate signal corresponding to the cardiac rate of the driver 
based on the supplied skin tremor signal, and sends the cardiac rate signal to the CPU bus 100. 

Fig. 4 shows the internal configuration of the cardiac rate detector circuit 9, and Fig. 5 shows waveforms of signals 
10 output from respective constituent modules of the cardiac rate detector circuit 9. 

Referring specifically to Fig. 4, an amplifier 91 amplifies the supplied skin tremor signal having high frequency 
noise components removed therefrom to a desired signal level, and supplies the amplified skin tremor signal a to a 
band pass filter (BPF) 92. The BPF 92, which is a band pass filter designed to pass 1 0 Hz components of the amplified 
skin tremor signal a, supplies a filtered skin tremor signal b to a peak hold circuit 93. 
*5 Fig. 6 shows an example of the internal configuration of the BPF 92 as described above. 

In Fig. 6, a high pass filter (HPF) 92a is designed to have a cut-off frequency fc at 11 .3 Hz. TTie cut-off characteristic 
of the HPF 92a is indicated by a solid line A in Fig. 7. A low pass filter (LPF) 92b is designed to have a cutoff frequency 
fc at 8.0 Hz. The cut-off characteristic of the LPF 92b is indicated by a solid line B in Fig. 7. The BPF 92 configured as 
shown in Fig. 6 allows the filtered skin tremor signal b composed of frequency band components Indicated by a hatched 
20 area in Fig. 7 to be supplied to the peak hold circuit 93. 

The peak hold circuit 93 generates an envelope waveform by holding respective level peak values of the skin 
tremor signal b as a cardiac rate signal c. The time constant for the peak hold operation is set, for example, to 0.1 
seconds. A low pass filter (LPF) 94 filters out noise components mixed in the cardiac rate signal c to generate a cardiac 
rate signal d which is supplied to an analog-to-digital (A/D) convertor 95. The cut-off frequency fc of the LPF 94 is, for 
25 example, 5.3 Hz. The A/D convertor 95 samples the cardiac rate signal d at a predetermined sampling timing to generate 
a digital cardiac rate signal e which is then sent to the CPU bus 100. 

More specifically, in consideration of the fact that a signal corresponding to a cardiac rate is mixed in approximately 
10 Hz components of the skin tremor signal, the cardiac rate detector circuit 9 extracts components near 10 Hz from 
the skin tremor signal, and holds peak levels of the extracted signal to generate an envelope waveform signal as a 
30 cardiac rate signal corresponding to the cardiac rate of the driver ~ 

It should be noted that the cut-off frequency of the LPF 94 is selected to be 5.3 Hz which is rather low as compared 
with the frequency of the desired signal at approximately 1 0 Hz extracted from the skin tremor signal, because the LPF 
94 is composed of analog circuits and has a gently sloping cut-off characteristics so that a bit of the desired 10 Hz 
components are also attenuated. The value of the cut-off frequency for the LPF 94, however, is selected in order to 
35 provide larger effects of removing noise components, which is given a higher priority. Anyway, the cut-off frequency of 
the LPF 94 may be any value as long as the LPF 94 passes desired frequency components therethrough and effectively 
removes noise components. 

Fig. 8 shows an example of the circuit configuration for realizing the cardiac rate detector circuit 9 as shown in Fig. 4. 
As described above, the cardiac rate measuring apparatus of the present invention comprising the MT pickup 8 
and the cardiac rate detector circuit 9 is designed to detect tremors occurring on the surface of the driver's skin ranging 
from one to ten microns through clothes of the driver and the seat belt 82, and hold level peak values of the skin tremor 
signal corresponding to the skin tremors to generate an envelope waveform signal which is used as the cardiac rate 
signal corresponding to the cardiac rate of the driver 

Th us, the cardiac rate measuring apparatus can measure the cardiac rate of the driver without directly attaching cardiac 
45 rate detecting electrodes on the breast or on the tips of driver's fingers. 

Referring again to Fig. 1, a digital signal processor (DSP) 10 performs Fast Fourier Transformation (FFT) on an 
RR signal supplied thereto through the CPU bus 100 and measures components at 0.05 to 0.15 Hz and components 
at 0. 1 5 to 0.4 Hz of the RR signal, respectively. The DSP 1 0 sends the components at 0.05 - 0. 1 5 Hz as a Mayer Wave 
related sinus arrhythmia (MWSA) value and the components at 0.15 to 0.4 Hz as a respiration sinus arrhythmia (RSA) 
50 value to the CPU bus 100. 

The above-mentioned RR signal is composed of respective heartbeat intervals of the cardiac rate arranged in time 
series. For example, heartbeat intervals RR1 - RR5 of the cardiac rate signal d as shown in Fig. 5 are time-serially 
arranged to generate the RR signal. The MWSA value indicates fluctuations in the heartbeat intervals relative to res- 
piratory motions, and is known to be utilized as an activity index for the sympathetic nerv system. The RSA value, in 
55 turn, indicates fluctuations in the heartbeat intervals relative to fluctuations in blood pressure, and is known to be utilized 
as an activity index for the parasympathetic nerve system. 

A central processing unit (CPU) 11 reads a variety of signals, as described above, sent onto the CPU bus 100 in 
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a variety of command signals to the CPU bus 1 00. A random access memory (RAM) 1 3 stores a variety of information 
intermediately generated during the execution of the driver's mental condition detecting procedure. *« 
Figs. 9 and 10 shows a main flow of the driver's mental condition detection executed by the CPU 11 in response to the 
start-up of the engine of the car. Fig. 11 shows a memory map for the RAM 13 for storing a variety of information 
5 intermediately generated during the execution of the main flow. 

First, the CPU 11 reads current time information from the navigation system 3, and stores the current time infor- 
mation as a starting time Ts into RAM 1 3 at "A1 " address (step S1 ). Next, the CPU 1 1 proceeds to the execution of an 
RR measuring subroutine for measuring the heartbeat intervals RR of a cardiac rate signal (step S2). In the RR meas- 
uring subroutine, the CPU 1 1 measures respective heartbeat intervals RR of the cardiac rate signal for a predetermined 

10 time period based on respective sample values of the digital cardiac rate signal e as shown in Fig. 5, supplied from 
the cardiac rate detector circuit 9, and sequentially stores them into respective storing locations in the RAM 13 from a 
■C1 n address. For example, the CPU 11 first detects, in order, turning points at which the sampling values of the digital 
cardiac rate signal e as shown in Fig. 5 transit from an increasing trend to a decreasing trend. A turning point detected 
time is determined to be a signal peak timing if the sampling values of the digital cardiac rate signal e do not transit to 
the increasing trend for 0.5 seconds from the turning point detected time. Next, the CPU 11 determines a time interval 
between adjacent signal peak timings as the heartbeat interval RR and sequentially stores them into storing locations 
in the.RAM 13 from the "C1" address. ... 

After the execution of the RR measuring subroutine, the CPU 11 proceeds to the execution of a heartbeat number 
calculating subroutine for calculating the number of heartbeats (step S3). In the heartbeat number calculating subrou- 

20 tine, the CPU 11 calculates the number of heartbeats per unit lime based on the heartbeat intervals RR stored in the 
respective storing locations in the RAM 13 from the "C1" address, and stores the number of heartbeats as an initial 
number of heartbeats HRs into the RAM 13 at "A2 fl address. In this event, the total number of samples of the heartbeat 
intervals RR stored at "Cr and subsequent addresses in the RAM 13 is divided by a total heartbeat interval value 
calculated by adding the respective values of the heartbeat intervals RR to derive a number of heartbeats per unit time. 

25 After completing the execution of the heartbeat number calculating subroutine, the CPU 11 proceeds to the execution 
of the RR measuring subroutine for measuring the heartbeat intervals RR of the cardiac rate signal (step S4). Since 
the RR measuring subroutine at step S4 is the same as that executed at the foregoing step S2, its detailed explanation 
will be omitted. 

After completing the execution of the RR measuring subroutine at step S4, the CPU 11 proceeds to the execution 
30 of a heartbeat number calculating subroutine for calculating the number of heartbeats (step S5). In the heartbeat number 
calculating subroutine, the CPU 11 calculates the number of heartbeats per unit time based on the heartbeat intervals 
RR stored in the respective storing locations in the RAM 1 3 from the "C1 ■ address, and stores this number of heartbeats 
as a current number HR of heartbeats into the RAM 1 3 at 'A3' address. After completing the execution of the heartbeat 
number calculating subroutine at step S5, the CPU 11 sequentially reads the heartbeat intervals RR stored in the 
35 respective storing locations in the RAM 1 3 from the n C1 ■ address, and transfers the read values as the RR signal to 
the DSP 10 (step S6). By the execution of the step S6, the DSP 10 performs the FFT processing on the RR signal to 
extract components at 0.05 - 0. 15 Hz of the RR signal as the MWSA value and components at 0.15 - 0.4 Hz of the RR 
signal as the RSA value, both of which are sent to the CPU bus 1 00. The CPU 11 fetches these MWSA value and RSA 
value and stores the MWSA value into the RAM 1 3 at 'A4" address, and the RSA value into the RAM 1 3 at "AS" address 
^0 (stepS7). 

Next, the CPU 11 reads the current time information from the navigation system 3, and stores the read current 
time information as a current time T into the RAM 13 at "A6" address (step S8). Then, the CPU 11 read the starting 
time Ts from ^6" address in the RAM 1 3, and subtracts the starting time Ts from the current time T to derive a continuous 
driving time S which is stored into the RAM 1 3 at "A7" address (step S9). The CPU 11 next reads the car orientation 

«5 change count information from the navigation system 3, and divides the read car orientation change count information 
by the continuous driving time S stored at "A7 a address in the RAM 1 3, and stores the Inverse of the quotient into the 
RAM 1 3 at "A8" address as an orientation variance parameter 1/oa (step S10). The CPU 11 next reads the car speed 
change count information from the navigation system 3, divides the read car speed change count information by the 
continuous driving time S stored at "A7" address in the RAM 13, and stores the inverse of the quotient as a speed 

50 variance parameter 1 /ctu into the RAM 1 3 at "A9 B address (step S1 1 ). 

The CPU 11 next reads the accumulated running distance information from the navigation system 3, and stores 
the read accumulated running distance information into the RAM 13 at "A" address as a traveling distance L (step 
S12). Then, the CPU 11 reads the current running road information from the navigation system 3, and stores the read 
current running road information into the RAM 1 3 at °AB" address as current running road information D (step S1 3). 

55 After completing step SI 3, the CPU 11 proceeds to a sleepiness determining subroutine (step S14). 
Fig. 1 2 is a flow chart repr senting the sleepiness determining subroutine. 

Referring specifically to Fig. 12, the CPU 11 first determines whether or not a sleepy time zone setting request 
signal has been sent from the sleep y time zone setting switch 7 (step S91 ) If determining at step SQ1 that the sl^py 
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time zone setting request signal has been sent, the CPU 11 reads the current time T stored at n A6" address in the RAM 
13, subtracts U5 hours from the current time T, and stores the resulting value into the RAM 13 at 'AC address as a 
sleepiness occurring time T1 (step S92). The CPU 11 next adds 0.5 hours to the current time T, and stores the resulting 
time information into the RAM 1 3 at "AD" address as a sleepiness occurring time T2 (step S93). After the completion 
of step S93 or if the CPU 1 1 determines at step S91 that the sleepy time zone setting request signal has not been sent, 
the CPU 11 reads the continuous driving time S stored at B A7 B address in the RAM 13, and multiplies the continuous 
driving time S by a sleepiness determining coefficient n1 , and stores the product S-n1 into the RAM 1 3 at "B1 " address 
as a sleepiness determining parameter based on a driving lapse time (step S101). 

The CPU 11 next stores the orientation variance parameter 1/oa stored at "A8 M address in the RAM 13 and the 
speed variance parameter 1/cru stored at B A9" address in the RAM 13, adds them to each other, and multiplies the 
sum by a sleepiness determining coefficient n2, and stores the product (17oa+1/au)-n2 into the RAM 1 3 at B B2" address 
as a sleepiness determining parameter based on the monotonous driving (step S102). The CPU 11 then reads the 
current time T stored at "A6" address in the RAM 14, and determines whether the current time T indicates the time 
between 0 AM and 5 AM or between 1 PM and 3 PM (step S1 03). Determining at step S1 03 that the current time T is 
not between 0 AM and 5 AM or between 1 PM and 3 PM, the CPU 11 reads the sleepiness occurring times T1 and T2 
stored at "AC" and "AD" addresses in the RAM 13, respectively, and determines whether or not the current time T is 
the time between the sleepiness occurring times T1 and T2 (step S104). 

If the CPU determines at step S103 that the current time T is between 0 AM and 5 AM or between 1 PM and 3 
PM, or determines at step S1 04 that the current time T is between the sleepiness occurring times T1 and T2, the CPU 
1 1 stores a sleepiness determining coefficient n3 into the RAM 13 at M B3" address as a sleepiness determining param- 
eter based on a driving time zone (step S105). On the other hand, determining at step S104 that the current time T is 
not the time between the sleepiness occurring times T1 and T2, the CPU 11 stores zero into the RAM 13 at a B3* 
address (step S1 06). After completing steps S1 05 or S1 06, the CPU 11 reads the MWSA value stored at 'A4' address 
in the RAM 13 and the RSA value stored at "AS" address in the RAM 13, divides the RSA value by the MWSA value, 
multiplies the quotient by a sleepiness determining coefficient n4, and stores the product (RSA/MWSA)-n4 into the 
RAM 13 at °B4" address as a sleepiness determining parameter based on the automatic nerve system (step S107). 

The CPU 11 next read the current running road information D stored at "AB° address in the RAM 13, multiplies 
the current running road information D by the sleepiness determining coefficient n5, and stores the product D-n5 into 
the RAM 13 at M B5 B address as a sleepiness determining parameter based on a running road situation (step S108). 
Subsequently, the CPU 11 adds each of the sleepiness determining parameters stored at B B1 " - "B5 B addresses in the 
RAM 1 3 to generate a sleepiness determining value Pn which is stored into the RAM 1 3 at "B6 B address (step S1 09). 
More specifically, by executing step S109, the sleepiness determining value Pn expressed by: 
Pn=S.Enl+(1/oa+1/au)-En2+n3+(RSA/MWSA)-En4+D.En5; 

or 

Pn=S.Enl+(1/aa+1/au).En2+(RSA/MWSA).En4+D.En5 
is stored into the RAM 1 3 at "B6" address. 

The CPU 11 next determines whether or not the sleepiness determining value Pn stored at B B6" address in the 
RAM 13 is a larger value than a sleepiness threshold SN (step S110). Determining at step S110 that the sleepiness 
determining value Pn is a value larger than the sleepiness determining threshold SN, the CPU 11 proceeds to the 
execution of a sleepiness alarming subroutine (step S111). 

In the sleepiness alarming subroutine, the CPU 11 supplies the CD player in the audio system 1 with a play start 
command signal as well as with a high speed play command signal for increasing the playing speed of the CD player. 
Further, the CPU 11 supplies the amplifier in the audio system 1 with a volume increase command signal for increasing 
the volume of sound generated from the audio system 1 . Furthermore, the CPU 11 supplies the equalizer in the audio 
system 1 with a treble and bass increase command signal for increasing treble and bass components. A sequence of 
these operations cause sound to be output with larger volume and with emphasized high and low ranges at a play 
speed higher than usual. Further in the sleepiness alarming subroutine, the CPU 1 1 supplies the air-conditioning system 
2 with an internal temperature decrease command signal. The air-conditioning system 2, in response to the internal 
temperature decrease command signal, supplies cooling air in order to decrease the internal temperature lower by a 
predetermined value than a current internal temperature. In this event, the air-conditioning system 2 adjusts the direc- 
tion of the blower hole such that the driver is directly exposed to the cooling air. Also, in the sleepiness alarming 
subroutine, the CPU 11 supplies a sleepiness alarm command signal to the alarm sound generator unit 4 and the 
display unit 5, respectively. In response to the sleepiness alarm command signal, the alarm sound generator unit 4 
audibly outputs a message for alarming the driver that he is sleepy. The display unit 5, on the other hand, displays a 
message for alarming the driver that he is sleepy in response to the sleepiness alarm command signal. In the sleepiness 
alarming subroutine, the CPU 1 1 also supplies a fragrance generation command signal to the fragrance generator unit 
6. The fragrance generator unit 6, in response to the fragrance generation command signal, diffuses stimulative fra- 
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grance into the car. 

In summary, the sleepiness determining subroutine shown in Fig. 12 utilizes the continuous driving time, monot- 
onous driving, driving time zone, and automatic nerve condition of the driver to totally determine whether or not the 
driver feels sleepiness. 

For example, when the driver has been continuously driving a car for a long time, i.e., when the value S(3n1 cal- 
culated at step S101 presents a larger value, it may be determined that the driver feels sleepiness with a higher prob- 
ability. Also, with less number of times the driver has changed the orientation of the car and accelerated the car per 
unit time, resulting in monotonous driving, i.e., when the value (1/oa+1/ou)-n2 calculated at step S102 presents a larger 
value, it may be determined that the driver feels sleepiness with a higher probability. Further, the driver will feel sleep- 
iness with a higher probability when he is driving after midnight. In the foregoing embodiment, when a driving time 
.zone is between .0 AM and 5 AM or between J PM and 3 PM, the sleepiness determining coefficient n3 is added as a . 
sleepiness determining parameter. It should be noted that in the foregoing embodiment, even outside of the time zones 
between 0 AM and 5 AM and between 1 PM and 3 PM, if the driver himself, conscious of his sleepiness, pushes the 
sleepy time zone setting switch 7, a time zone including 0.5 hours before and after the sleepy time zone setting switch 
7 is pushed is stored as a sleepy time zone (steps S91 - S93). Thus, the sleepiness determining coefficient n3 is added 
as the sleepiness determining parameter only when the driver drives a car during the time zones between 0 AM and 
5 AM and between 1 PM and 3 PM or during a sleepy time zone.set by the driver as described above (steps SI 03 - S1 06). 

As the RSA value as an activity index for the parasympathetic nerve system is larger while the MWSA value as 
an activity index for the sympathetic nerve system is smaller, it may be determined that the driver is sleepy with a 
higher possibility. Thus, when the driver is sleepy, the value (RSA/MWSA)-n4 calculated at step S107 becomes larger. 

When running on a superhighway, instantaneous sleepiness would result in an accident with a higher possibility 
as compared with running on an ordinary road. To cope with this situation, in the foregoing embodiment, the current 
running road information D indicative of whether or not the car is currently running on a superhighway is multiplied by 
the sleepiness determining coefficient n5, and the product is added as a sleepiness determining parameter. Specifically, 
since the current running road information D is set to logical "1 1 when the car is currently running on a superhighway 
and to logical "O" when running on an ordinary road, the sleepiness determining coefficient n5 is added as a sleepiness 
determining parameter only when the car is currently running on a superhighway as a result. While the foregoing 
embodiment adds the sleepiness determining coefficient n5 as a sleepiness determining parameter depending on 
whether the car is currently running on an ordinary road or on a superhighway, the present invention is not limited to 
_this configuration.. Alternatively, the^CPU 11 may read information indicating whether or not the car is approaching to _ 
an accident frequently happening location as the current running road information D, by way of example, and a sleep- 
iness determining coefficient n6 may be added as a sleepiness determining parameter only when the current running 
road is directing the car to such an accident frequently happening location. In the sleepiness determining subroutine 
as described above, a sleepiness alarm is finally generated (step S111 ) if the sleepiness determining value Pn, which 
is the sum of the respective sleepiness determining parameters, is larger than the predetermined sleepiness deter- 
mining threshold SN (steps S109 and S110), determining that the driver is sleepy. 

After the completion of the sleepiness alarming subroutine at step S111 , or if the sleepiness determining value Pn 
stored at "B6° address in the RAM 13 is not larger than the sleepiness determining threshold SN, the CPU 11 returns 
to the main flow as shown in Fig. 10 and proceeds to the execution of a tiredness determining subroutine (step S15). 

Fig. 1 3 shows a flow chart representing the tiredness determining subroutine. 

Referring specifically to Fig. 1 3, the CPU 11 first reads the continuous driving time S stored at "A7" address in the 
RAM 1 3, multiplies the continuous driving time S by a tiredness determining coefficient hi, and stores the product S-h1 
into the RAM 13 at °B7 B address as a tiredness determining parameter based on the driving time (step S121 ). 

The CPU 11 next reads the initial heartbeat number HRs stored at "A2" address in the RAM 13 and the current 
heartbeat number HR stored at "A3* address in the RAM 13, subtracts Hr from Hrs, multiplies the difference by a 
tiredness determining coefficient h2, and stores the product (HRs-HR)-h2 into the RAM 1 3at "68' address as a tiredness 
determining parameter based on changes in the number of heartbeats (step S122). 

Then, the CPU 11 reads the MWSA value stored at "A4" address in the RAM 1 3 and the RSA value stored at "A5" 
address in the RAM 1 3, divides the MWSA value by the RSA value, multiplies the quotient by a tiredness determining 
coefficient h3, and stores the product (MWSA/RSA)-h3 into the RAM 13 at "B9" address as a tiredness determining 
parameter based on the automatic nerve system (step S123). 

Subsequently, the CPU 11 adds the respective tiredness determining parameters stored at *B7* - "B9" addresses 
in the RAM 13 to generate a tiredness determining value Ph which is stored into the RAM 13 at "BA* address (step 
S124). By executing step S124, the tiredness determining value Ph expressed by: 

Ph=S.h1+(HRs-HR).h2+(MWSA/RSA)-h3 is stored into the RAM 1 3 at "BA" address. 

The CPU 11 next determines whether the tiredness determining value Ph stored at "BA B address in the RAM 1 3 
has a lager value than a tiredness determining threshold SH (step S1 25). Determining at step S1 25 that the tir dness 
determining value Ph is larger than the tiredness determining threshold SH, the CPU 11 proceeds to the execution of 
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a tiredness alarming subroutine (step S1 26). 

In the tiredness alarming subroutine, the CPU 11 supplies the CD player in the audio system 1 with a play start 
command signal as well as with a high speed play command signal for increasing the playing speed of the CD player. 
The CPU 11 further supplies the amplifier in the audio system 1 with a volume increase command signal for increasing 
s the volume of sound generated by the audio system 1. Furthermore, the CPU 11 supplies the equalizer in the audio 
system 1 with a treble and bass increase command signal for increasing treble and bass components. A sequence of 
these operations cause sound to be output with larger volume and with emphasized treble and bass at a play speed 
higher than usual. 

Also, in the tiredness alarming subroutine, the CPU 11 supplies a tiredness alarm command signal to the alarm 
io sound generator unit 4 and the display unit 5, respectively. In response to the tiredness alarm command signal, the 
alarm sound generator unit 4 audibly outputs-amessage for animating the driver. For example, the alarm sound gen- 
erator unit 4 audibly outputs a message for promoting the driver to take moderate exercises in response to the tiredness 
alarm command signal. 

In summary, the tiredness determining subroutine shown in Fig. 13 utilizes the continuous driving time, changes 
16 in the number of heartbeats of the driver, and automatic nerve condition of the driver as parameters for determining 
the tiredness, and totally determines based on all these parameters whether or not the driver is tired. 

For example, if the driver has been driving for a long time, i:e: s if the value S-h1 calculated at step S121 is larger, 
it may be determined that the driver is tired with a higher probability. Also, if the number of heartbeats is decreasing, 
i.e., if the value (HRs-HR).h2 calculated at step S1 22 is larger, it may be determined that the driver is tired with a higher 
possibility. Further, as the RSA value as an activity index for the parasympathetic nerve system is smaller while the 
MWSAvatueasan activity index for the sympathetic nerve system is larger, i.e., if the value (RSA/MWSA)-h4 calculated 
at step S123 is larger, it may be determined that the driver is tired with a higher possibility. The tiredness determining 
subroutine finally determines that the driver is tired and generates a tiredness alarm (step S126), when the tiredness 
determining value Ph, which is the sum of the tiredness determining parameters, is larger than the predetermined 
2S tiredness determining threshold SH (steps S124 and S125). 

After completing the tiredness alarming subroutine at step S126, or if the CPU 11 determines that the tiredness 
determining value Ph stored at "BA" address in the RAM 13 is not larger than the tiredness determining threshold SH, 
the CPU 1 1 returns to the main flow shown in Fig. 1 0, and proceeds to the execution of the next impatience determining 
subroutine (step S1 6). 

30 Fig. 14 shows a flow chart representing the impatience determining subroutine. — 

Referring specifically to Fig. 14, the CPU 11 first reads the continuous driving time S stored at "A7 fl address in the 
RAM 1 3 and a travelling distance L stored at " AA" address in the RAM 1 3, and divides the continuous driving time S 
by the travelling distance L to derive an inverse of a travelling distance per unit time. Further, the CPU 11 multiplies 
the inverse of the travelling distance per unit time by an impatience determining coefficient e1 , and stores the product 

35 (S/L)-e1 into the RAM 13 at °BB" address as an impatience determining parameter based on the travelling distance 
per unit time (step S1 31 ). Next, the CPU 11 reads the MWSA value stored at d A4" address in the RAM 1 3 and the RSA 
value stored at n A5 n in the RAM 1 3, divides the MWSA value by the RSA value, multiplies the quotient by an impatience 
determining coefficient e2 to drive a value (MWSA/RSA)-e2 which is stored into the RAM 13 at n BC" address as an 
impatience determining parameter based on the automatic nerve system (step S132). 

<*o Next, the CPU adds the respective impatience determining parameters stored at the *BB U and "BC" addresses in 

the RAM 1 3 as described above to derive an impatience determining value Pe which is stored into the RAM 1 3 at "BD" 
address (step S1 33). Stated another way, the execution of the step S133 causes the impatience determining value Pe 
expressed by: 

Pe = (S/L).e1+(MWSA+RSA)-e2 to be stored into the RAM 13 at the # BD" address. 
45 The CPU 11 next determines whether or not the impatience determining value Pe stored at the "BD" address in 

the RAM 13 is larger than an impatience determining threshold SE (step 134). Determining at step S134 that the 
impatience determining value Pe is larger than the impatience determining threshold SE, the CPU 11 proceeds to the 
execution of an impatience alarming subroutine (step S1 35). 

In the impatience alarming subroutine, the CPU 11 supplies the CD player in the audio system 1 with a low speed 
50 play command signal for decreasing the play speed of the CD player. The CPU 11 also supplies the amplifier in the 
audio system 1 with a volume decrease command signal for decreasing the volume of sound generated by the audio 
system 1. Furthermore, the CPU 11 supplies the equalizer in the audio system 1 with a treble and bass decrease 
command signal for decreasing treble and bass components, A sequence of these operations causes reproduced 
music to be output with lower volume at a play speed lower than usual. 

In the impatience alarming subroutine, the CPU 11 also supplies an impatience alarm command signal to the alarm 
sound generator unit 4 and the display unit 5. The alarm sound generator unit 4, in response to the patience alarm 
command signal, audibly outputs a message for calming down the driver. For example, the alarm sound generator unit 
libly^eneratesa-message4Qr^romoti^ 
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signal. In the impatience alarming subroutine, the CPU 11 further supplies a fragrance generation command signal to 
the fragrance generator unit 6. In this event, the fragrance generator unit 6 diffuses fragrance which may hold driver's 
excitement into the car. 

In summary, the impatience determining subroutine shown in Fig. 14 utilizes th inverse number of the travelling 
s distance of the car per unit time and an automatic nerve system condition of the driver as parameters for determining 
impatience of the driver, and totally determines whether or not the driver is impatient. 

For example, if the inverse number of the travelling distance of the car per unit time, i.e., the value (S/L)-e1 cal- 
culated at the foregoing step S1 31 is larger, it may be determined that the driver is increasingly impatient with a higher 
probability. Also, as the RSA value as an activity index for the parasympathetic nerve system is smaller while the MWSA 
10 value as an activity index for the sympathetic nerve system is larger, i.e., if the value (MWSA/RSA)-e2 calculated at 
the foregoing step S1 32 is larger, it may be determined that the driveus impatient with a high possibility. 

In the impatience determining subroutine, if the impatience determining value Pe, which is the sum of the respective 
impatience determining parameters, is larger than the predetermined impatience determining threshold SE (steps S1 33 
and S134), an impatience alarm is generated, determining that the driver is impatient (step S135). 
*5 After the completion of the impatience alarming subroutine at step S135, or if the CPU 11 determines at step S134 

that the impatience determining value Pe stored at "BD* address in the RAM 13 is not larger than the impatience 
determining threshold SE, the CPU 11 returns to step S4Jn the.main flow shown.in. Fig. 9 to repetitively execute.the 
operations hereinbefore described. 

As described above, in the detection of driver's mental conditions, a variety of physiological data on the driver 
20 driving a car, specifically, a number of heartbeats HR, MWSA value, and RSA value are sampled by the execution of 
steps S4 - S7 in the main flow. Next, data on the actually running car, i.e., the continuous driving time S, orientation 
variance parameter 1/oa, speed variance parameter 1/ou, current running road information D, and travelling distance 
L are measured by the execution of steps S8 - S13. Next, driver's depressed mental conditions during the drive, i.e., 
sleepiness, tiredness, and impatience of the driver are detected by the execution of steps S1 4, S15, and S16. In other 
25 words, if it is determined, based on the physiological data on the driver and the data on the actually running car, that 
the driver is sleepy, step S111 is executed to generate a sleepiness alarm. Also, if it is determined, based on the 
physiological data on the driver and the data on the actually running car, that the driver is tired, the step S1 26 is executed 
to generate a tiredness alarm. Further, if it is determined, based on the physiological data on the driver and the data 
on the actually running car that the driver is impatient, step S135 is executed to generate an impatience alarm. 
30 It should be noted that while the embodiment of Fig. 3 shows a sing1e~MT- pickup-8 mounted on the seat belt.e2, 

a plurality of MT pickups may be mounted at different positions on the seat belt 82 as shown in Figs. 15 -17. 

Fig. 15 shows an example in which two MT pickups 8a and 8b are mounted at two positions on the seat belt 82 
at which the driver, when seated, is in contact with them. 

Fig. 18 shows an exemplary configuration of the cardiac rate detector circuit 9 which may be adopted when the 
35 MT pickups 8a and 8b as shown in Fig. 15 are employed. 

Referring specifically to Fig. 1 8, skin tremor signals S1 and S2 generated respectively from the MT pickup 8a and 
8b are supplied to amplifiers 91a and 91b, respectively. In the block diagram shown in Fig. 18, the amplifier 91a, BPF 
92a, peak hold circuit 93a, and LPF 94a, as well as the amplifier 91b, BPF 92b, peak hold circuit 93b, and LPF 94b 
have the same functions as the corresponding amplifier 91, BPF 92, peak hold circuit 93, and LPF 94 shown in Fig. 
^0 4. Therefore, the skin tremor signal S1 generated from the MT pickup 8a is converted to a cardiac rate signal by a 
series configuration of the amplifier 91 a, BPF 92a, peak hold circuit 93a, and LPF 94a, and the cardiac rate signal is 
supplied to a comparator 96 and a selector 97. On the other hand, the skin tremor signal S2 generated from the MT 
pickup 8b is also converted to a cardiac rate signal by a series configuration of the amplifier 91b, BPF 92b, peak hold 
circuit 93b, and LPF 94b, and the cardiac rate signal is supplied to the comparator 96 and the selector 97. A combination 
« of the comparator 96 and the selector 97 selects a cardiac rate signal at higher level from the cardiac rate signals S1 , 
S2 input from the LPF 94a and LPF 94b, and supplies the selected cardiac rate signal to an A/D convenor 95. 

In summary, with the configurations shown in Figs. 15 and 18, one of the skin tremor signals S1, S2 from the two 
pickups 8a and 8b having a higher detection sensitivity is used for the detection of the cardiac rate signal. 

Fig. 16 shows another example of employing two MT pickups, wherein an MT pickup 8a is mounted at a position 
so on a seat belt 82 at which the driver does not contact with the MT pickup 8a, and an MT pickup 8b is mounted at a 
position on the seat belt 82 at which the driver, when seated, is in contact with the MT pickup Bb. 
Fig. 19 shows an exemplary configuration of the cardiac rate detector circuit 9 which may be adopted when the MT 
pickups mounted as shown in Fig. 16 are employed. Referring specifically to Fig. 19, skin tremor signals S1 and S2 
respectively generated from th MT pickups 8a and 8b are supplied to a subtractor 98 through amplifiers 91a and 91 b, 
55 respectively. The subtractor 98 subtracts the level of one signal from the level of the other, and supplies the derived 
difference skin tremor signal to a BPF 92. In the configuration of Fig. 1 9,.1he BPF 92, peak hold circuit 93, LPF 94, and 
A/D convertor 95 have the same functions as the respective corresponding functional modules shown in Fig. 4. 
S pecifically, according to the configurations shown in Fig s 16 and 19. by subtracting the skin tremor signal S1 
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supplied from the MT pickup 8a mounted at the position at which the driver does not contact with the MT pickup 8a 
from the skin tremor signal S2 supplied from the MT pickup 8b mounted at the position at which the driver is in contact 
with the MT pickup 8b, mixed noise components in the same phase can be removed from the skin tremor signal. 
Fig. 17 shows a further example in which three MT pickups 8a, 8b, and 8c are employed such that the MT pickup 
5 8a is mounted at a position on a seat belt B2 at which the driver does not contact with it, and the MT pickups Bb and 
8c are mounted at positions on the seat belt 82 at which the driver, when seated, is in contact with them. 

Fig. 20 shows an exemplary configuration of the cardiac rate detector circuit 9 which may be adopted when the 
three MT pickups mounted as shown in Fig. 17 are employed. 

Referring specifically to Fig. 20, skin tremor signals S1 and S2 respectively generated from the MT pickups 8a 
10 and 8b are supplied to a subtracter 98a through amplifiers 91a and 91 b, respectively The subtractor 98a subtracts the 
- level of one signal f rom-the level of the other, and supplies the derived difference skin tremor signal to a BPF 92a. In 
the configuration of Fig. 20, the BPF 92a, peak hold circuit 93a, and LPF 94a have the same functions as the respective 
functional modules designated the same reference numerals in Fig. 18. 

On the other hand, skin tremor signals S2 and S3 respectively generated from the MT pickups 8b and 8c are 
*5 supplied to a subtractor 98b through amplifiers 91b and 91c, respectively. The subtractor 98b subtracts the level of 
one signal from the level of the other, and supplies the derived difference skin tremor signal to a BPF 92b. In the 

- configuration-of Fig. 20; the BPF 92b r peak hold circuit 93b, and LPF 94b have the same functions as therespective— - 

functional modules designated the same reference numerals in Fig. 18. A combination of a comparator 96 and a 
selector 97 selects a cardiac rate signal at higher level from the cardiac rate signals S1, S2 input from the LPF 94a 
20 and LPF 94b, and supplies the selected cardiac rate signal to an A/D converter 95. In summary, with the configurations 
shown in Figs. 17 and 20, a skin tremor signal having a higher detection sensitivity is used for the detection of the 
cardiac rate signal, while noise components in the same phase mixed in the skin tremor signal are reduced. 

As described above, the cardiac rate measuring apparatus according to the present invention detects skin tremors 
occurring on the surface of the skin of a body, and holds level peak values of the skin tremors to generate an envelope 
25 waveform signal which is used as a cardiac rate signal. 

It will be appreciated that, according to the present invention, since the cardiac rate can be measured for a driver 
with a skin tremor sensor, i.e., the so-called MT pickup, mounted on a seat belt, which is capable of detecting skin 
tremors occurring on the surface of the skin of the driver's body through clothes of the driver and the seat belt, the 
cardiac rate measurement can be favorably accomplished without troubling the driver. 

Claims 

1. A cardiac rate measuring apparatus comprising: 

35 

skin tremor detecting means for detecting skin tremors of a body to generate a skin tremor signal; and 
cardiac rate detecting means for holding level peak values of said skin tremor signal to generate an envelope 
waveform signal and for detecting said envelope waveform signal as a cardiac rate signal. 

40 2. A cardiac rate measuring apparatus according to claim 1 , wherein said skin tremor detecting means is mounted 
on a seat belt of a car. 

A cardiac rate measuring apparatus according to claim 1, wherein a plurality of said skin tremor detecting means 
are mounted on a seat belt of a car; and said cardiac rate detecting means selects from cardiac rate tremor signals 
generated by said plurality of skin tremor detecting means the skin tremor signal having the highest signal level, 
and holds level peak values of the selected skin tremor signal to generate an envelope waveform signal as said 
cardiac rate signal. 

4. A cardiac rate generating apparatus according to claim 1 , wherein said skin tremor detecting means are mounted 
at a first position on a seat belt of a car at which the body of a driver contacts with said tremor detecting means 
and at a second position on the seat belt of the car at which the body of the driver does not contact with said tremor 
detecting means, and said cardiac rate detecting means subtracts a skin tremor signal generated from said skin 
tremor detecting means mounted at said second position from a 6kin tremor signal generated from said skin tremor 
detecting means mounted at said first position to generate a difference signal, and holds level peak values of said 
difference signal to generate an envelope waveform signal as said cardiac rate signal. 
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(54) Cardiac rate measuring apparatus 

(57) A cardiac rate measuring apparatus (9) which 
is intended to measure the cardiac rate of a driver with- 
out restraining motions of the driver. Skin tremors oc- 
curring on the surface of skin of the body are detected, 
and level peak values of the skin tremors are held (93) 



to generate an envelope waveform signal as a cardiac 
rate signal corresponding to the cardiac rate of the driv- 
er. A skin tremor detecting means (8) may be mounted 
on a driver's seat belt (82) to detect skin tremors on the 
driver's skin without restraining his motion. 
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